Abstract: Histamine-2 (H2) receptor antagonists (H2RAs) are administered orally or parenterally for the treatment of gastro-duodenal ulcers, gastric hypersecretory diseases, and gastro-esophageal reflux disease. In Japan, H2RAs are frequently used in patients with acute pancreatitis to reduce the secretion of pancreatic juice. Ranitidme is a specific competitive H2RA with immunomodulatory and anti-inflammatory properties. The efficacy of ranitidine for the treatment of acute pancreatitis has not been sufficiently evaluated. In this study, we evaluated the efficacy of ranitidine for the treatment of caerulein-induced pancreatitis as a model of acute pancreatitis. The effect of ranitidine on pancreatitis was assessed by examination of serum amylase and lipase levels, pancreatic edema, and histological changes. The prophylactic administration of ranitidine significantly reduced elevated serum amylase and lipase levels. At a histological level, ranitidine also reduces pancreatic edema, vacuole formation in pancreatic acinar cells, and inflammatory cell infiltration in the pancreas. An increase in the level of interleukin-10 in pancreatic tissue was also observed. These findings show that ranitidine accelerates the recovery of caerulein-induced pancreatitis. This effect may be due, at least in part, to increased anti-inflammatory cytokine production in pancreatic tissue and its protective role against local injury.
Introduction
Epidemiological data shows that the incidence of acute pancreatitis (AP) in Japan is increasing and ranges from 187 to 347 cases per million people. In 2003, mortality from acute pancreatitis in Japan was 0.2% for Stage 0-1 [Japan (JPN) severity score], 3.7% for Stage 2, and 35.6% for Stage 3-4 pancreatitis l). AP causes a wide range of abdominal inflammatory disorders characterized by pancreatic acinar cell injury together with local and systemic inflammatory responses. The underlying causes of AP are varied, but activation of digestive enzymes within pancreatic acinar cells is thought to be a critical initiating event 2) . Inflammatory cytokines play an important role in the onset of AP and in the development of severe AP 3) . The contribution of inflammatory cytokines to the pathogenesis of AP is Ranitidine, a specific competitive histamine 2 (H2) receptor antagonist (H2RAs), is used extensively in the treatment of peptic ulcers, gastric hypersecretory diseases, and gastroesophageal reflux disease 4). H2RAs alter the effect of histamine on chemotaxis5), phagocytosis and superoxide anion production in phagocytes 6) . In 1975, Nevalainen and Seppa reported that ranitidine has a beneficial effect on experimentally induced AP'). Ranitidine reduces the level of elevated serum amylase, the amylase-to-creatinine-clearance ratio, and the histological damage associated with pancreatitis 8.9). Studies by Okajima et al revealed that ramtidine also prevents the release of elastase and reactive oxygen species, inhibits cell surface expression of CD11b and CD18, and increases the intracellular calcium concentration in neutrophils stimulated with formyl-methionyl-leucyl-phenylalanine (fMLP). The inhibition of neutrophil activation by ranitidine leads to a reduction in stress-induced gastric mucosal injury in rats 10) 
Materials and Methods

Animals
Male Wistar rats, weighing 150-200 g, were purchased from Saitama Experimental Animal Supply Co., Ltd. (Suginomachi, Saitama, Japan) and were housed in climate controlled rooms with a 12-h light-dark cycle. All rats were fed a standard laboratory diet and were fasted overnight before the experiment.
Materials
Chemicals were purchased from the following pharmaceutical companies : disodium hydrogenphosphate 12-water (NaH2POe 12H2O) and sodium dihydrogenphosphate, anhydrous (Na2HPO4), from Wako Pure Chemical (Doshoumachi, Osaka, Japan) ; physiologic saline from Otsuka Pharmaceutical Co., Ltd. (Naruto, Tokushima, Japan) ; hexadecyltrimethylammomum bromide and caerulein from Sigma (St. Louis, MO, USA) ; sodium pentobarbital from Abbott Laboratories (Abbott Park, Illinois, U.S.A.) ; and ranitidine from Glaxo Smithkline Pharmaceutical Co., Ltd. (Shibuya, Tokyo, Japan). 
Histologic examination
Formalin-fixed pancreatic tissue was embedded in paraffin, sectioned at 5 iim, and stained with hematoxylin and eosin (HE). The severity of AP was evaluated in a blinded manner, by evaluation of vacuole formation within acinar cells, infiltration by inflammatory cells, hemorrhage into pancreatic tissue and necrosis of acinar cells, using Image J image management software (National Institutes of Health, USA). Photographic images of specimens stained with HE were obtained and gray-scale images were converted to black and white using the command "binary images". This method distinguishes the black area, which is consistent with edema, vacuoles, and necrosis, from the white area. Grading of infiltration by inflammatory cells was based on the following scale : 0.absent : 1.mild : 2.moderate : 3.severe. Fig. 2 . Effect of prophylactic ranitidine administration on pancreatic edema. Pancreatic edema was measured by comparing pancreatic : body weight ratios expressed in grams l 100 grams body weight. Caerulein administration significantly increased the pancreatic : body weight ratio (*p <0.01). This effect was inhibited by ranitidine at 20 and 100 mg I kg BW ( * P < 0.001) (n = 6-10 rats). 3, 4) . Fig. 3 . Effect of prophylactic ranitidine administration on the concentration of serum amylase. Caerulein administration significantly increased the level of serum amylase (* P < 0.01). This increase was inhibited by ramtidine at concentrations of 20 and 100 mg / kg BW (*P< 0.01) (n = 6-10 rats). 31.4 pg / ml. In the Ra (20) group, the pancreatic tissue level of IL-10 reached 88.4 pg / ml (mean, n =2) and those in the Ra (100) group reached 250 pg / ml (mean, n = 2).
Statistical analysis
Histological staining Histological examination of pancreatic tissue stained with HE revealed pancreatic edema, inflammatory cell infiltration, and vacuolization of acinar cells in the Cae group. Changes in the pancreas from caerulein-induced pancreatitis, including pancreatic edema, inflammatory cell infiltration, and vacuolization of acinar cells, were markedly reduced in the Ra (20) and Ra (100) groups when compared with the Cae group. Hemorrhage or acinar cell necrosis was not observed in the pancreas in any groups in this study ( Fig. 5-9 ). Image J analysis revealed a significant reduction in vacuolization of acinar cells in the Ra (20) and Ra (100) groups when compared with the Cae group (Fig. 10 ). In Japan, H2RAs are frequently used for the treatment of AP to reduce the secretion of pancreatic juice. Activation of H2Rs is associated with a wide range of physiological actions from stimulation of gastric acid secretion to induction of human promyelocyte differentiation'). Histamine can also regulate cell proliferation via the H2 receptor 21-1) . H2Rs are expressed in many cell types, including nerve cells, vascular smooth muscle cells, hepatocytes, endothelial cells, neutrophils, eosinophils, monocytes and dendritic cells, as well as in T and A recent study by Okajima et al demonstrated that ranitidine, a specific competitive H2RA, prevents the release of elastase and reactive oxygen species, inhibits cell surface expression of CD11b and CD18, and increases the intracellular calcium concentration in neutrophils stimulated with formyl-methionyl-leucyl-phenylalanine (fMLP). Such inhibitory activity may contribute to the ranitidine-induced reduction in stress-induced gastric mucosal injury in rats 10). Neutrophils play a critical role in the development of complications in AP 27) . Animal model studies demonstrate the beneficial effect of ranitidine in experimentally induced AP 5-7) . In a previous study we showed that maximum pancreatic damage occurs 6 hours after i.p. administration of caerulein 13) For this reason, the effect of ranitidine on pancreatic edema and vacuoles inside acinar cells was examined in the present study 6 h after the onset of Pancreatitis.
In the present study, we showed that administration of ranitidine before and during the induction of AP attenuates the severity of pancreatic injury in caerulein-induced pancreatitis. Ramtidine is 4 to 10 times more potent than cimetidine on a molar basis in inhibiting stimulated gastric acid secretion 4) . Ranitidine was used at 4, 20 and 100 mg / kg BW in the rat model of AP in the present study. The concentration of ranitidine typically used to treat humans is 4 mg l kg BW. At 20 and 100 mg / kg ranitidine provides high therapeutic efficacy by significantly reducing plasma amylase and lipase activity and inhibiting leukocyte infiltration into pancreatic tissue. These findings may also explain the mechanism underlying the ranitidine inhibition of neutrophil adhesion reported by Okajima et al10). The improvements in vacuole formation induced by ranitidine cannot be explained by inhibition of leukocyte infiltration.
Cytokines are a family of low-molecular weight proteins (16-25 kDa) released from cells IL-10 is a major anti-inflammatory cytokine that reduces the activation of macrophages and inhibits the production of pro-inflammatory cytokines34). IL-10 is thought to play a protective role in AP35). Administration of IL-10 in experimentally induced AP leads to a reduction in both the local inflammatory response and subsequent mortality 36-38) The present study shows that the beneficial effects of ranitidine in the treatment of AP results from an induction of IL-10 levels in pancreatic tissue. The reduction in severity of AP by ranitidine suggests that anti-inflammatory cytokines control pro-inflammatory cytokine production and play a protective role against local injury.
In conclusion, the present study shows that treatment of AP with ranitidine inhibits leu- 
